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SPHENIX CD-1 Document Preparation

Continuous Flow and Updating of Information

WBS Dictionary
Update CDR/PHYSICS Simulations Basis of Estimate

Update Conceptual Design Documents MS Project File

Review Project Documentation Cost/Labor Profiles

~_ .

Contingency/Risk Analysis/Hazard Analysis
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CD-1 Review Document Status

1. Integrated Project Team- Complete
2. WBS (WBS Dictionary)- Updated
3. Basis of Estimate T
4. Cor!tl‘nget\cy R'Sk/, Ar\aly5|s. sPHENIX L2, CAMs, Project Office, and
5. Activity List & Activity Attributes . . .
) Engineers have been working on this for the
6. Project Schedule - past 6 months. All derived from WBS MS-
7. Critical Milestones Project file- Updated
8. Proposed Funding Profile
9. Proposed Labor Profile —
10. Preliminary Hazard Analysis Report- Draft
11. NEPA Document- Complete <« Integrated Safety, ESH
12. Integrated Safety Management Plan- In Development
13. Conceptual Design/Conceptual Design Report- Advanced Design/ Advanced Draft
14. Acquisition Strategy- In Development
15. Close all previous review recommendations- Ongoing Risk
16. Preliminary Project Execution Plan- Draft Management
17. Preliminary Risk Management Plan- Initial Release for Use
18. Preliminary Risk Assessment and Risk Registry- Advanced Draft
19. Preliminary Security Vulnerability Assessment (Short security equipment protection & cyber

security)- Complete

20..Alternate Analysis- For the PEP includes scientific.alternatives- In Development 3



Additional Project Controls and Work Management

Documents

SPHENIX Procedure Guidelines- Pending Release
sPHENIX Configuration Management- Pending Release
sPHENIX Document Control- Pending Release

sPHENIX Quality Assurance Plan- Pending Release
sPHENIX Work Planning- Pending Release

SsPHENIX Awareness Training- Pending Release

N swWNR

sPHENIX Bottom’s-Up Contingency Guidelines- Released and Distributed
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s Conceptual Design Report
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* Preliminary Hazard Analysis

* WEBS Dictionary
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o NEPA Approval memo
o sPHENIX NEPA form

SITEMAP
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Link:
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Standards Based Management (SBMS)

Brookhaven National Laboratory SBMS
The Standards-Based Management System (SBMS) provides Laboratory-wide

procedures and guidelines for performing work safely and in compliance
with requirements. All work at the Laboratory must comply with the
minimum requirements specified in SBMS documents, including
management system descriptions, subject areas, interim procedures, BNL

manuals, and program descriptions.

Document Hierarchy

Requirements
= External Drivers
= BML Mission and Vision

« BSA Functional Construct Management System Descriptions

Expectations

* BNL Policies Subject Program
* Standards of Performance Areas Descriptions

* R2A2s
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Project Management (SBMS)

Management System: Project Management

Introduction

This subject area provides Laboratory-wide requirements
and procedures for managing work at Brookhaven National
Laboratory (BNL) that is subject to DOE’s Project
Management system. Compliance with requirements of
Appendix A of DOE Order 413.3B is required for all capital
asset acquisitions with a total project cost (TPC) that is
greater than or equal to $50 million.

6/5/2017 sPHENIX CD-1 Documentation 7



Engineering Design (SBMS)

Subject Area: Engineering Design

6/5/2017

Introduction

This subject area describes how to create, modify, distribute, and
review engineering calculations, drawings and specifications, and
establish configuration control (see the Configuration
Management Program Description, or contact the Configuration
Management Subject Matter Expert) for both equipment used
for scientific purposes and facility construction. It provides for
the verification and validation of design adequacy by Technical
Authorities (i.e., competent individuals, approved by
management, other than those who performed the work),
before the approval and implementation of the design. It uses a
process that fosters the use of sound engineering/scientific
principles, risk management, and standards for design work.
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Work Planning (SBMS)

Subject Area:
Work Planning and Control for Experiments and Operations

Introduction

This subject area uses the Integrated Safety Management core
functions and guiding principles to establish a process for ensuring all
work, operational and experimental, is properly planned and
implemented to prevent accidents, injuries, and regulatory violations.
It establishes requirements at Brookhaven National Laboratory (BNL)
so that all work is properly managed by using a level of planning and
control commensurate to the Environment, Safety, Security, and Health
(ESSH) hazards, job complexities, and work coordination needs.

Line management is directly responsible for the protection of the
public, the workers, and the environment.
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Project Execution Plan
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Conceptual Design Report
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sPHENIX Conceptual Design Report

DRAFT VERSION 1.51 FOR COLLABORATION REVIEW
June 1, 2017
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[ Minimum Bias Trigger Detector

[P Data Acquisition and Trigger

r Superconducting Magnet

[P Infrastructure

[F Installation and Integration

[P ntermediate Silicon Strip Tracker

[F' Monalithic Active Pixel Detector
[ List of Tables
[P Listof Figures

[F References

Executive Summary

sPHENIX[1] is a proposal for a major upgrade to the PHENIX experiment at RHIC capable
of measuring jets, jet correlations and upsilons to determine the temperature dependence
of transport coefficients of the quark-gluon plasma. The detector needed to make these
measurements require electromagnetic and hadronic calorimetry for measurements of jets,
a high resolution and low mass tracking system for reconstruction of the Upsilon states,
and a high speed data acquisition system.

This document describes a design for a detector capable of carrying out this program of
measurements built around the BaBar solenoid. As much as possible, the mechanical,
electrical, and electronic infrastructure developed for the PHENIX experiment from 1992-
2016 is reused for sSPHENIX. The major new systems are the superconducting magnet, a
high precision tracking system, and electromagnetic and hadronic calorimeters.

Several alternatives for tracking technologies have been explored, and the conceptual
design has converged on studying the physics capability of a reference design consisting of
asmall Time Projection Chamber with a silicon strip detector and a Monolithic Active Pixel
(MAPS) detector within the inner radius. The feasibility of the detector and electronics has
been evaluated through simulation, design, and prototyping.

The electromagnetic calorimeter is a compact tungsten-scintillating fiber design located
inside the solenoid. There are two sections of hadronic calorimeter, one inside the solenoid

= and the other outside made of steel-scintillator in a somewhat novel arrangement in

which scintillator tiles with light collected by wavelength shifting fiber are sandwiched
between tapered absorber plates that project nearly radially from the interaction point.
The calorimeters use a common set of silicon photomultiplier photodetectors and amplifier
and digitizer electronics.

The detector design has been evaluated by means of GEANT4 simulation and measure-
ments with prototypes of some of the detectors. Additional simulation and testing of
components is being pursued to finalize the design.




sPHENIX MS Project Plan

1850+ Tasks and Summary Tasks — Built from Bottom - Up
Fully Developed by L2 Managers and CAMs

Integrated by L2 Managers, CAMs and Project Office

Resource 2019
WBS ~ Name -~ Duration ~ Start - Finish ~ Names - Cost + | Fixed_Cost_~ | Predecessors+~ Successors - May | Jun | Jul | Aug Sep Oct Nov Dec Jan Feb Mar Apr
1.4.2.2.8 Inner HCAL End Rings Design 0 days Mon 11/13/17 Mon 11/13/17 $0.00 $0.00 40 43 198|days
Complete
14228 4 Procure Inner HCAL End Rings 110 days Fri 8/31/18 Tue 2/12/19 §7620520 $50,00000 [T | ee—t—— |
1.4.2.2.9.1 Procurement for Inner HCAL 30 days Fri 8/31/18 Fri 10/12/18 5CI3 §5,907.60 50.00 10,41 7
End Rings PO[5%],PROF4
1.4.2.2.9.2 Award Procurement for Inner 0 days Fri 10/12/18 Fri 10/12/18 $0.00 $0.00 43 45
HCAL End Rings
1.4.2.293 Manufacture Inner HCAL End 60 days Mon 10/15/18 Mon 1/14/19 PROF4 PO $58,899.20 $50,000.00 44 s T
Rings M[10%], TECHZ
1.4.2.2.9.4 Inspect Inner HCAL End Rings 20 days Tue 1/15/19  Tue 2/12/19 TECH3 PO $11,398.40 $0.00 45 47
M[50%],PROFZ
1.4.2.29.5 Complete Procurement of 0 days Tue 2/12/19  Tue 2/12/19 $0.00 $0.00 46 2 T
Inner HCAL End Rings
1.4.2.2.10 4 Procure Inner HCAL Sector 380 days Fri9/21/18 Thu 4/2/20 $835,648.96| $759,244.00
Mechanical Structure (Vendor
1.4.2.2.10.1 Procurement for Inner HCAL 60 days Fri 9/21/18 Tue 12/18/18 SCI3 $67,125.12 $56,004.00 10,32,37 50,5255
Sector Mechanical Structure PO[5%],PROF3
1.4.2.2.10.2 Award Procurement for Inner O days Tue 12/18/18 Tue 12/18/18 $0.00 50.00 49 s
HCAL Sector Mechanical
1.4.2.2.103 Inner HCAL Sector 60 days Wed 12/19/18 Tue 3/19/19 PROF4 PO $52,539.20  $43,640.00 50,59 53
Mechanical Structure First M[10%], TECH:
1.4.2.2.10.4 Design and procure Inner 50 days Fri 9/21/18 Tue 12/4/18 PROF3 PO $13,437.60 $5,000.00 4955 ss T
HCAL Sector acceptance M[10%], TECH:
1.4.2.2.10.5 Inner HCAL Sector 20 days Wed 3/20/19 Tue 4/16/19 TECH3_Institui $5,935.04 $0.00 51,52 54,87
Mechanical Structure First PO
1422106 Inner HCAL Sector 225 days Wed 4/17/19  Thu 3/12/20 TECH3 Institw  $674,886.00 $654,600.00 53 5555+15 days | |
Mechanical Structure PO
1.4.2.2.10.7 Inner HCAL Sector 225 days Wed 5/8/19 Thu 4/2/20 TECH3_Institui $21,726.00 $0.00 5455+15 days 56
Mechanical Structure PO
1.4.2.2.10.8 Complete Procure Inner HCAL 0 days Thu 4/2/20 Thu 4/2/20 $0.00 $0.00 55 2 rTTTUTUee|aar ey
Sector Mechanical Structure
142211 + Procure Inmer HCAL Sector 380 days Friojzijis  Thaajzjz0 ssrsessts $75924000 T
Mechanical Structure (Vendor
1.4.2.2.11.1 Procurement for Inner HCAL 60 days Fri 9/21/18 Tue 12/18/18 SCI3 $67,125.12 $56,004.00 10,32,37 seetss T ). | |
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sPHENIX MS Project Plan

Resource 2018
WBS v Name v Duration v Start v Finish ~  Names + Cost v Fixed Cost v Predecem Jun' Jul Aug Sep Oct Nov Dec Jan
3% 14225 ; ines 40 days Wed 8/30/17 Wed 10/25/17 TECH3 PO $9.805.60 0TS 30
D[25%] PROF4
PO M[10%]
39 114226 Internal Review of Inner HCAL 2 days Thu 10/26/17  Fri\lO/27/17 PROF4 PO §4,910.40 $0.00 38 40
End Rings M,SCI3
PO,TECH3 PO
40 14227 Address Issues from Internal - 10 days Mon 10/30/17 Mon 11/1%/17 TECH3 PO $3,428.40 $0.00 39 4
Review of Inner HCAL End Rings D[25%],PROF4

Resource
WBS v Name v Duration + Start v Finish ~ + Names  + Cost v Fixed Cost + Predecessors
14225 Design Inner HCAL End Rings 40 days Wed 8/30/17 Wed 10/25/17 TECH3 PQ $9,825.60 §0.00 36,77F5-5 days |
D[25%) PROF4
PO M[10%]
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Critical Path Through EMCal Block and Module Production

wes - TackName - Duration _ |Start  |Finish « 2017 B 2018 B 2019 B |2020 ) [2021 ) 2022
Qir 1[0t 2]Gtr 3[0tr 4|Qtr 1[0t 2][Ctr 3[0tr 4| Qtr 1[0tr 2[Qtr 3[Ctr 4]Qtr 2[0tr 2[atr 3[0tr 4] Gtr 1[Ctr 2[Qtr 3[0tr 4| Otr 1[04

1 ~ sPHENIX_Project 1161 days? 2/1/17 9f27/21 F ]

13 ~ sPHENIX_EMCal 938days  2/1/17 11/2/20 ¥ i

131 ~ EMCAL Management 396days  2f1/17 8f31/18 | S — |

13.15 CD-2b/CD-3b Authorization 0 days 8/31/18 8/31/18 . . . - _ _ . 0" !!3?- . .

13.2 ~ EMCAL Block Production 847 days  3/31/17 8/21/20 T 1

1323 ~ EMCAL Final Block Production 808 days 5/25/17 8f21/20 T

13237 Order & deliver epoxy for final blocks 90days  9/10/18 1/22/19

13238 Order parts and fabricate mold parts for final blecks 90days  9/10/18 1f22f19

13.239 Set up factory for final blocks S0days  9/10/18 1f22/19

13.23.12 Readiness and Safety Review for final block production 8 days 1/23/19 2/1/19

13.23.13 ~ Fabricate final blocks 3sddays  2/4/19 8f1a/20

13.23.13.1 Fabricate final blecks sector 1 6 days 2/af19 2f11/19

13.23.14 ~ Pack and ship final blocks to BNL 383days  2/12/19 8/21/20

133 ~ EMCAL Modul d and Sector bly 919days  3/1/17 11/2/20 T

1332 = EMCAL Module Production 894 days  3/1/17 9/28/20 r

11323 S ECAL Fral Miodule Prodocion Se3days 329715 o282 s y————— S

13.3.236 Receive, unpack, log & inspect final blocks 384 days  2/19/19 8/28/20

133237 Install light guides on final blocks 384 days  2/26/19 9/af20

13.3238 Install reflectors and mounting supports on final blecks 384 days  3/5/19 9f1a/20

13.3239 Install SiPMs & daughterboards on final blocks 384 days  3/12/19 9/21/20

13.32.3.10 Glue final blocks together into modules 384days  3/19/19 9/28/20

1333 * EMCAL Sector Assembly 896days  4/3/17 11/2/20 T

13.33.3 ~ EMCAL Final Sector Assembly 896 days  4/3/17 11/2/20 T

13333511 Install modules in final sectors 384days  3/26/19  10/5/20 T

1333312 Install readout electronics on final sectors 384 days  4/2/19 10/12/20

13333513 Install cables & cooling system on final sectors 384days  4/9/19 10/19/20

13.33.3.14 Test final sectors with LEDs & cosmic rays 384 days  4f16/19 10/26/20

13.33.315 Repair or rework any sectors as required 384 days  4f23/19 11/2/20

13.33.3.16 Installation Readiness Review 10days  10/20/20 11/2/20

134 Install sectors into sSPHENIX 0 days 11/2/20 11/2/20

10 ~ SPHENIX_Integration_and_Installation 1161 days 2/1/17 /2721 et 821 8 11 e 0 A b AR et et

1102 | ion M & Technical Coordination, | llation Tooling & Fixtures & Subsystem Installation 1161 days  2/1/17 9/27/21 r 1

11022 ~ Infrastructure Installation 841days 12/4/17 af20f21 T 1

10223 Install Beampipe, Vacuum/Bakeout 0dep  3f10/21 aen e ™

11027 ~ EMCal Installation 1076 days  2/1/17 s5/25/21 ¥ 1

110277 EMCal Sectors Ready for Installation 0 days 11/2/20 11/2/20 -rollm

1.10.2.7.8 Transport Assembled EMCal Sectors to AH 10days  11/3/20 11/17/20

110.27.9 Install EMCal Sectors 16 days 11/18/20 12/11/20

1.10.2.7.10 Align/Survey EMCal to 5C Magnet Centerline 7 days 12/14/20 12/22/20

110.28 “ TPC Installation 1086 days  2/1/17 6/s/21

110287 TPC Ready for Installation ko 2 LI N Y N S AU SO N v ¥ SN N

110.28.8 Transport Assembled TPC Sections to AH 5 days 12/23/20 12/31/20

110.289 Install TPC Support Sdays  1/4/21 1/8/21

1.10.2.8.10 Install TPC (Mechanical) 5 days 1/11/21 1f15/21

1.10.28.11 Align/Survey TPC to SC Magnet Centerline 5 days 1/19/21 1f28/21

1.10.2.8.12 Install TPC Cables and Services 30 days 1/26/21 3/9/21

llo0.211 ~ Min Bias Installation 1161 days 2/1/17 9/27/21 L L

1.10.2.119 Install Min Bias Support 10days  4f7/21 4f20f21

1.10.2.11.10 Install Min Bias (mechanical) 10days  4f21/21 sfaf21

11021111 AlignfSurvey Min Bias to 5C Magnet Centerline 5 days 5/5/21 5/11/21

1.10.2.11.12 Install Min Bias Cables and Services 30days  5/12/21 6f23/21

1.10.2.11.13 Review Min Bias for Operational Readiness [ORR) 5 days 6/2a/21 6/30/21

11021114 Address Action Items from Min Bias ORR 10days  7fy/21 7/16f21

1.10.2.11.18 Commission Min Blas 50 days 7/19/21 9/27/21

110.212 ~ sPHENIX Full Detector Installation 140 days  3/10/21 9f27/21

1.10.2.123 | [Safety/Read Compl. Ready for O odays  9/27/21 9/27/21 .

L 615[=&m.apomun1 SPHENIX dads- 1. Gcugpmntation 14




WABS Dictionary — Defined to Work Package Level

11 NIX PROJECT PROJECT MANAGEMENT FOR ALL SPHENIX WES ITEMS FROM 1.2 TO 110 AND INCLUDING ALL PROJECT STAGES FROM
IENT (CONCLPTUAL DESIGN TO CD-4 APPROV/
1. ARR] [Project Management of SPHENIX |COST CONTENT: LABOR COST COVERING THE PROJECT MANAGEMENT TEAM. MATERIAL COS™S FOR TRAVEL OF TvE
MANAGEMENT TEAM OVER THE LIFE OF THE PROJECT. ADDITIONAL MATERIAL COSTS ASSOCIATED WITH PAEPARATION FOR
[DOE AND BNL REVIEWS.

THIS TASK INGLUDES ALL SCIENTIFIC, ENGINEERING, TECHNICAL AND SUPPORT STASF EFFORTS TO PLAN AND SUPEAVISE
ALL ASPECTS OF THE ASSEMULY, INTEGRATION AND INSTALLATION OF THE SPHENIX DEFINED IN WES 1.2 THROUGH WBS 110
(WORK STATEMENT

TASKS TO BE PEAFORVED BY THE PAOJECT MANAGEMENT TEAM INCLUDE 1) THE OVERSIONT AND MANAGEMENT OF THE
DESIGN. CONSTRUCTION, INSTALLATION AND COMVISSIONING OF SPHENIX . 2) PAEPARATION FOR DOE AND BN REVIEWS
INCLUDNG CD REVIEWS 8Y OPA, DOE ANNUAL REVIEW, SAFETY REVIEWS, READINESS REVIEWS, ETC

S)PREPARATION AND SUBMISSION OF ALL REPOATS AND DOCUMENTATION REQUIRED BY DOE AND BNL INCLUDING
[CONCEPTUAL AND TECHNICAL DESIGN REPORTS, EARNED VALUE REPORTS, ESAH PLANS, PROCUREMENT PLANS, ETC.

&) MONITORING THE ACTIVITIES OF ALL WBS TASKS THACUGH THE LEVEL2 MANAGERS TO ASSURE ASSURE ADMERENCE TO
THE TECHNICAL. BUDGET AND SCHEDULE PLAN OF THE SPHENIX PROJECT.

HIWORK WITH THE LEVEL2 MANAGERS TO MONITOR ALL VENDOR ACTIVITY TO ASSURE COMPUANCE WITH TECHNICAL

BUDGET AND SCHEDULE SPECS
11 112 TRAVEL TO FACIITATE ACTIVITIES INCLUDED IN W8S 1.1.1
17
12 The Time Projection Chamber 1of the sPHENIX Expormert &t AHIC
1.2 121 TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE RECUSRED TO IDENTITY COMPONENTS FOR THE TRC

PROTOTYPE VERSION 172, PERFORM RAD, DESIGN AND CONSTRUCT THE ELEMENTS OF THESE PROTOTYPES AND THE FINAL
TPC INCLUDING THE MV SYSTEM. WORK STATEMENT: PROVIDE PROTOTYPES: V1/2 FIELD CAGE PROTOTYPE: V12 MODULE
PROTOTYPING, INCLUDING GAS ENCLOSURE. COMMON MODULE MECHANICS, MODULE PROTOTYPE, V2 FIELD CAGE
MCDIFICATIONS, SITE PRE® FOR PAODUCTION FACTORIES,

12 12y w2 TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUSAED TO IDENTITY COMPONENTS FOR THE TPC FIELD
(CAGE PROTOTYPE VERSION 1, PERFORM RAD, DESIGN AND CONETRUCT THE ELEMENTS OF THIS PROTOTYPE WORK

STATEMENT: PROVIOE PROTOTYPE: FIELD CAGE V1 PROTOTYPE

12 2y 22 TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY COMPONENTS FOR THE TFC FIELD
VERSION 2. PERFORM RAD, DESIGN AND CONSTRUCT THE ELEMENTS OF THIS PROTOTYPE. WORK

CAGE PROTOTYPE
STATEMENT: PROVIDE PROTOTYPE: FIELD CAGE V2 PROTOTYRE

12 [121 1213 TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY COMPONENTS FOR THE TPC FINAL
FIELD CAGEL. PERFORM NECESSARY MODIFICATION TO THE V2 FIELD CAGE. WORK STATEMENT: PROVIDE PROTOTYPES:
MODIFY V2 FIELD CAGE PROTOTYPE AND TESTING, INCLUDING PROCURING PARTS THAT HAVE BEEN DEVELOPED DURNG

PROTOTYPING.

TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY COMPONENTS FOR THE GEM
READOUT MODULE PROTOTYPE VERSION 1, DESIGN AND CONSTRUCT THE ELEMENTS OF THIS PROTOTYPE. WORK
STATEMENT: PROVIDE GEM READCUT MODULE Vi PROTOTYPE AND MATERIALEQUIPMENT TO PRODUCE THE MODULES.

TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE RECUSIED TO IDENTITY COMPONENTS FOR THE GAS
ENCLOSURE OF A READOUT MCOULE PROTOTYPE VERSION 1, WORK STATEMENT PROVIDE GAS ENCLOSURE FOR A
READOUT MODULE V1 PROTOTYPE AND MATERIALEQUIFMENT TO PRODUCE THE ENCLOSURE

TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY COMPONENTS FOR THE COMMON
MECHANICS OF A READOUT MOOWLE PROTOTYPE VEASION 1, DESIGN AND CONSTRUCT THE SLEMENTS OF THIS PROTOTYPE
(WORK STATEMENT: PROVIDE COMMON MECHANICS FOR A READOUT MOOULE V1 PROTOTYPE AND MATERIALEQUIPMENT TC
PRODUCE THE COMMON MECHANICS,

TECHNICAL SCOPE . THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY COMPONENTS FOR THE READOUT
MODULE PROTOTYPE VERSION 1A, DESIGN AND CONSTRUCT THE ELEMENTS OF THIS PROTOTYPE. WORK STATEMENT
PROVIDE A READOUT MODULE V1A PROTOTYPE AND MATERIALEQUIPMENT TO PRODUCE TrE READOUT MODULE

1.2 121 1214

12 121 214 12040

12 1z r214 (124

12 121 1214 12142

12 121 1214 12144 TECHNICAL SCOPE. THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY COMPONENTS FOR THE READOUT
MODULE PROTOTYPE VERSION 18, DESIGN AND CONSTRUCT THE ELEMENTS OF THIS PROTOTYPE. WORK STATEMENT.

PROVIDE A READOUT MODULE V1B PROTOTYPE AND MATERIALEQUIPMENT TO PRODUCE T=E READOUT MODULE

12 121 w28 TECHNICAL SCOPE: THIS ITEM CONTAING ALL TASKS WHICH ARE REQUIIED TO IDENTITY COMPONENTS FOR THE GEM
READOUT MODULE PROTOTYRE VERSION 2, DESIGN AND CONSTRUCT THE ELEMENTS OF THl§ PROTOTYPE. WORK

STATEMENT: PROVIOE GEM READOUT MODULE V2 PROTOTYPE AND MATERIALUEQUIPMENT TO PACOUCE THE MODULES

1.2 121 1215 12181 TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TC IDENTITY COMPONENTS FOR THE GAS
ENCLOSURE OF A READOUT MCOULE PROTOTYPE VERSION 2. WORK STATEMENT PROVIDE GAS ENCLOSURE FOR A

READOUT MODULE V2 PROTOTYPE AND MATERIALEQUIPMENT TO PRODUCE THE ENCLOSURE.

TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY COMPONENTS FOR THE COMMON
MECHANICS OF A READCUT MODWLE PROTOTYPE VERSION 2, DESIGN AND CONSTRUCT THE ELEMENTS OF THIS PROTOTYPE
(WORK STATEMENT: PROVIDE COMMON MECHANICS FOR A READOUY MOOULE V2 PROTOTYPE AND MATERIALEQUIPMENT TO
PRODUCE THE COMMON MECHANICS.

TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY COMPONENTS FOR THE READOUT
MODULE PROTOTYPE VERSION 2A, DESIGN AND CONSTRUCT THE ELEMENTS OF THIS PROTOTYPE. WORK STATEMENT:
PROVIDE A AEADOUT MODULE W2A PROTOTVYPE AND MATERIALEQUIPMENT TO PRODUGE THE READOUT MODULE

12 121 P21 12152

12 121 1215 12153

1.2 127 v 218

TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO ACOUIRE COMPONENTS FOR THE GEM FOILS

6/5/2017 SPHENIX CD-1 Documentation 15



WABS Dictionary — Examples

WBS Dictionary to Work Package Level (Deliverable)

1.2 1.2.1 1.2.1.1 TPC vl Field Cage Prototype

TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY
COMPONENTS FOR THE TPC FIELD CAGE PROTOTYPE VERSION 1, PERFORM R&D, DESIGN
AND CONSTRUCT THE ELEMENTS OF THIS PROTOTYPE.WORK STATEMENT: PROVIDE
PROTOTYPE: FIELD CAGE V1 PROTOTYPE.

1.4 1.4.2 1.4.2.2 Outer HCAL Sector Mechanical Structure

TECHNICAL SCOPE: THIS ITEM CONTAINS ALL TASKS WHICH ARE REQUIRED TO IDENTITY
COMPONENTS FOR THE OUTER HCAL MECHANICAL STRUCTURE, DESIGN AND CONSTRUCT
THE MECHANICAL ELEMENTS OF THE OUTER HADRONIC CALORIMETER. WORK STATEMENT:
PROVIDE OUTER HADRONIC CALORIMETER MECHANICAL STRUCTURE.
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Basis of Estimate

1 K L M N o)
sPHENIX Detector Date of Est: 3/1/2017
Relativistic Heavy lon Collider Prepared By: £J. Mannel
BASIS of ESTIMATE (BoE) DocNo. DocDB-65
(refer Rev.
Work Package Name: WBS Number: Control Account Number
Sensor Procurement 151

WBS Dictionary Definition:

This work packages covers the procurement and Q/A testing of the preproduction and production optical sensors for the EMCal and HCal detectors.

Estimate Type (check all that apply):

Work Complete
Existing Purchase Order
Catalog Listing or Industrial Construction Database

X Documented Vendor Quotation based on Drawings/Sketches/Specifications
X Budgetary Estimate by Vendor/Fabricator based on Sketches, Drawings, or other Written Correspondence
x Engineering Estimate based on Similar Items or Procedures
Engineering Estimate based on Analysis
X Expert Opinion
| Nawv | Sensor_Procurement_Summary 1.5.1Tas | 1.5.1Costing | oduleCounts |
dy
\ See next slide
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Basis of Estimate

1 sPHENIXWBS 1.5.1: Optical Sensors
2 |Date: 2/28/17

3 |Last Revision Date: 25-Apr-2017
1

Total Cost +
5 DESCRIFTION MANUFACTURER PART NO. QUANT. Cost Basis Date Unit Cost Total Cost Total Cost+10%  Contingency  Contingency
6 |Optical Sensor:Preproduction Hamamatsu 512572-015P 1700 Quote 2/14/2017 15.00 25,500.00 0.00 25,500.00
7 |Optical Sensor:Production Hamamatsu 512572-015P 112128 Budget Quote 3/20/2014 8.50 953,088.00 1,048,396.80 0.40 1,467,755.52
8 |Test stand TBD 1 Engineering Est 3/1/2017  10,000.00 10,000.00 11,000.00 0.40| 15,400.00_|
9
10
11 Preproduction Quote
12
13
14

s HAMAMATSU

16 PHOTON IS OUR BUSINESS

17
18 360 Foothil Road Quote # QUO-33798-
19 PO Box 6910 WSZSJB
-0 Bridgewater, NJ 08807-0910
Phone 908-231-0960 Reference# |KXU17-3863495 , KXU17-
21 Fax 908-450-1140 6442992

Email order@hamamatsu.com
22 @ Date 21412017

ij Account Name Created By

25 Brookhaven National Laboratory Ardavan Ghassemi
26 Attention Phone
27 Sean Stoll 908-252-7632
28 stoll@bnl.gov ,
59| |(B31) 3445331 S
30 Address AGhassemi@hamamatsu.com
31 apinvoices@bnl.gov Please submit orders to
32 1Lf]| %t? g NY order@hamamatsu.com.
33
34 [valid Until Sales Engineer Terms Ship Via
35
36 33102017 Ghassemi, Ardavan MNet 30 Days
| Mav | Sensor_Procurement_Summary 1.5.1Tasks 1.5.1Costing ModuleCounts |
Ready
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Risk Registry

SPHENIX Risk Registr

Owner [Risk Name (then) [limeframe impact tigation Plan
[E.0’Brien [1.1 Management [Departure of Key Personnel to the of his y occurs il [schedule:3 months losely work with SPHENIX collaboration to identify a potential replacement.
intention to leave SPHENIX
[E.O’Brien [1.1 Management [Safety incident [safety incident resulting in injury Schedule delay occurs ] Schedule: 1 month arefully plan all workin accordance with BNL SBMS. Include safety reviews and
afety review ion in SPHENIX
chedule.
[E.O’Brien 1.1 Management [Funding profile stretches [Funds not available on time [Cost increases because to be broken l50% [Schedule: 12-24 months ork closely with the funding agency o any funding profile changes can be
ldown into smaller units, or existing quotes expire, or new [cost: $500K valuated as early as possible and SPHENIX Project schedule optimally adjusted to
ontracts need to be negotiated match the new
[E.O’Brien [1.1 Management [infrastructure support delayed linfrastructure milestone is delayed i milestone are [l 5% [schedule: 2 months Develop a detailed key milestones for
delayed ort and closely monitor this schedule for risk triggers.
. Hemmick fL2TpC [Procure via GEMs. IDelivery date on vi-shapes GEMs leaves less than [The test will require that we use existing GEMs which will be [R&D Phase 0% [Cost $10k for square-GEM in case the proper GEMs for the va prototype are not in hand, an adapter plate will
lone month before magnet test. 0x10cmA2. This will require a special module to adapt the dapter parts Ibe requires to fit an existing GEM-stack to allow the magnet test to proceed.
maller square GEMs to the standard opening.
. Hemmick L27PC [Performance failure of v2 prototype [Tthe v2 prototype fails in any performance criterion | the v2 prototype fails, then there will need to be a v3 [R&D phase 5% chedule: 2 months of float [Moderate /e will add a design cycle of a smaller device than the full sized field cage if the v1
hat requires more thasn trivial re-design. fprototype added to the cycle. jost. Cost:$15k (only gain Iprototype fails. We will proceed on v2 only after success of the small version.
tructure at risk...new GEMs)|
. Hemmick fL2TpC [Failure or delay of CERN production [Factories wait upon GEM foil delivery and suffer _The factory production of modules s critical path and will _[production 0% chedule: 3-5 months [Moderate /e will monitor carefully the success of CERN foil productionand will hire a
Ischedule shifts. lirectly affect schedule. echnician who will exclusively work on producing GEM foils for our project. If
|delays still occur, we will seek a second vendor.
T. Hemmick fL2TpC [SAMPA Chip Failure [SAMPA chips fail to match performance IAffects delivery of the TPC since FEE must be applied before [production k% Schedule: Unknown since [Moderate [ALICE and STAR shall be forced to mitigate the situation and if not, alternatives such:
lspecifications. lelivery. Imediation requires action Jas the SALTRO and DREAM chips must be considered.
rom ALICE.
S Stol T3 Emcal [Coss of W powder supplier [Failure of the primary supplier of W powder _Would need to obtain a quote and sign a contract with a_jproduction [Cow 20% [High. [Moderate [Find another source of W powder which can meet our specs. Some have
(Tungsten Heavy Powder) to sign a contract  (different supplier for the powder. This will cause a delay [Cost: price increase > lalready been investigated. Attempt to identify primary source of raw powder in
land deliver the powder for the final block in the schedule and possibly an increase in cost. In 15500k, IChina and identify new distributor. Accept degraded detector performance if
lproduction at an affordable price. fadidition, powder from a different vendor could lead to ISchedule: 9 mo to Inew powder does not meeet specs.
fpoorer detector performance. Febidinegotiate contract/
lace order.
S-Stoll .3 EmCal [Coss of SciFi supplier [Failure of fiber vendor to sign a contract or ould cause a delay in the schedule and result in higher jproduction loderate 30% ioderate [Moderate [Two suppliers have been identified. We believe both can meet our specs, but
ldeliver fiber on time. ost for the fiber ost: $1.4M hlgher cost fone is roughly 2X high cost. If the lower priced supplier cannot deliver then we
for alternate_supplier Imust use contingency to purchase from the other supplier. [
S. stoll .3 Emcal [Coss of primary production site for blocks _ |[UIUC decides to not fabricate the absorber ould cause a delay in schedule and a significant production lCow 10% igh [Blocks would have to be built at BNL. However, we would also I00se scientific
(University of lllinois Urbana Champaign) Iblocks increase in labor resources required to build the blocks ost: Slight cost increase rsight provided by UIUC, student labor, free use of faciltties, space, etc.
bt BNL. o relocate factory to BNL
chedule: Significant. At
. Stol L3 Emcal [Cannot find a cost effective solution for IR&D studies and beam tests do not lead to __[Will require position dependent correction for obtaining |R&D phase [FHigh 75% Moderate ‘ewill have optical quality injection molded fight guides produced with what
Imaking light guides fmprovements in the light collection uniformity e desired energy resolution from the detector letector energy resolution e believe will be the optimal shape given the space constraints of the
rom the modules |detector. The resuiting energy resolution will be measured in a beam test.
. Lajoie fLaHcal [Loss of scintillating tile provider (Uniplast) [Uniplast is unable to engage in or complete the inthe tles, chedule: 6-9 months [Moderate Explore alternate scintillator vendors (FNAL, Elgin).
lproduction contract long with correspond delays in inner and outer HCAL
pssembly.
. Lajoie .4 Heal |Unable to produceinner HCAL in $5310ina cost [Evaluation of inner HCAL prototype yields higher _[schedule delay in finalizing the design of the inner HCAL; re- production 25%Schedule: 6 months [Moderate investigate value-engineering designs and alternate materials (brass); will require
leffective manner han antici production costs ineeri i ineeri
. Lajoie fL.aHcal [Unable to |devmfy suitable site(s) for inner HCAL |No participating University site can identify the _ [schedule defay to set up assembly site at BNL lproduction 5%chedule 3 months investigate possibility of assembly (scintillator and electronics) at BNL,
Jassembly (scint. ar ace resources for assembly.
E. Mannel I1.5 Cal Electronics [Delay in SiPM Dellvery iPM order not placed on schedule or vendor _[Delay in assembly of HCal and EmCal SiPM daughter boards. 50% lLow: Schedule delay 2-3 losely monitor the procurement stage.
nable to meet production schedule [Potential delay in HCal and EMCal module assembly Imonths
E. Mannel [1.5 Cal Electronics [Delay in testing of SiPMs iPM Delivery not placed on schedule or vendor _ [Delay in assembly of HCal and EMCal SiPM daughter boards. 50% lLow: Schedule delay 2-3 increase number of testing stations. Identify additional collaborators who can
lunable to meet prodcution schedule [Potential delay in HCal and EMCal module assembly Imonths ontribute to the testing program. Streamline testing program.
E. Mannel [1.5 Cal Electronics [Delay in Assembly of HCal Daughter boards, [Procurementof components, issuing of orders. [Potential delay in HCal module assembly and testing 25% lLow: Schedule delay 2-3 taged partial deliveries of boards. Use multiple assembly houses
[Preamps, Interface boards, LED Drivers Imonths
E. Mannel [1.5 Cal Electronics [Delay in assembly of EMICal Daughter boards, _[Procurementof components, issuing of orders. _ Potential delay in EMCal module assembly and testing 25% lLow: Schedule delay 2-3 taged partial deliveries of boards. Use multiple assembly houses
[Preamps or Interface boards Imonths
M. Purschke [1.6 DAQ/Trigger [PAQ Prototype [Tests with the various prototype stages reveal [DAQ prototype throughputand performanceis below fan [Moderate: 25% ICost, increase number of quire more expensive PCs / re-design parts of the architecture
roblems lboards/PCs
M. Purschke [1.6 DAQ/Trigger [Network switch lone of the currently identified vendors go out of [Network switch more expensive than projected [Production lLow 20% |Cost due to lack of Iternate vendors, different brands / getting acquainted with potentially new
lbusiness flternatives, Schedule oftware interface
(1Month)
M. Purschke |1.6 DAQ/Trigger |Globat viz lLoss of engineering expertise due to employees daptation of PHENIX GL1 runsinto obstacles lProduction ltow 20% [schedule (2 months) elect different card, identify a different engineer
eaving
M. Purschke [1.6 DAQ/Trigger [Timing System ‘number of bsolete parts from GLINK ] ltow 10% [Schedule 3 months elect different card, re-engineer fiber interface
board be used
M. Purschke [1.6 DAQ/Trigger lFocal VL1 [simulations reveal the failure of an envisiond LLVLT algorithms i Trigger latency [Moderate 30% [Schedule 3 months Prioritize Physics goals, procure more hardware
lalgorithm 00 high.
M. Purschke |1.6 DAQ/Trigger Istorage [The TPC or other subsystem the IData volum from the TPC, too high [Production [Moderate 30% ost ($100K) Invest in more local storage, change compression algorithms
reduction
M. Chiu 1.7 MinBias [Magnetic field capability of BBC PMTs [Testing shows PMT gain drops below spec for B- _[Must move MBD further away in z losing some MB efficiency Al 2%Moderate: esting mesh dy to B-field Worst
field at preferred MBD location. ICost: $0, Schedule: 0-6 ase, move BBC to 2=:300 cm
jmonths
K.-Yip [1.8 SuperConducting Magnet 1agnet does not work; cannot achieve specified [Failure of magnet to reach field. Possible causes, [Detector System can't resolve data without adequate Jair ltow 10% [High: Cost ~$100-500K Full field test at bldg 912 prior to transport to bldg 1008 to proe out magnet
field nternal electrical failure, vacuum leak failure, cryo fmagnetic field. Rework of magnet to correct deficiency is kchedule 6-12 mos Iperformance, cryo, power supply and quench detection systems. Electrical check
ystem failure, Power supply failure hecessary (warm) at 1008 to check for faults induced in shipping. Final full field/mapping test
n 1008 IR.
P. Giannotti [L.9 Infrastructure Resources not availabl ilable for timely design efforts [Cascading delays to production, assembly and installation _|Design [Moderate: [Moderate: on significant engineeri yetfully itted. Get
Bo% [Cost: $0, Schedule: 0-6 learly i ibut i ipati
jmonths
P. Giannotti [1.9 Infrastructure [cradle Fabrication delayed [Fabrication delayed [cradle not available on time to bly and ow: oderate: Reliable adequate schedul
fnstallation 0% [Cost: $0, Schedule:0-6
jmonths
D.Lynch I d not ready for installation [subsystem not delivered in time for scheduled _[Delays in construction/installation of SPHENIX oderate: Build in adequate schedule contingency
finstallation Bo% [Cost: $0, Schedule: 0-6
jmonths
D.Lynch [1.10 Integration and Installation [Labor not available for installation [Labor not available for timely installation IDelays in construction/installation of SPHENIX ow: oderate: [Secure more labor support/ temporary hires
ho% [Cost: 0-$20K, Schedule:0-6
imonths
D. Lynch [1.10 Integration and Installation [Pole Tips delayed [Fabrication delayed [Pole tips not available when scheduled for installation:delays nstallation ow: oderate: Reliable adequate schedult (pole tips
Imove to IR for following installation. 0% [Cost: $0, Schedule: 0-6 nstallation near end of installation schedule)

jmonths
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Risk Registry

SPHENIX Risk Registry

Rank

Mitigation Plan

Closely monitor the
procurement stage.

Increase number of testing
stations. ldentify additional
collaborators who can
contribute to the testing
program. Streamline testing
program.

Staged partial deliveries of
boards. Use multiple
assembly houses

Owner WBS Risk Name Risk trigger (if) Consequences Timeframe | Probability | Impact
(then)
E. Mannel [1.5 Cal Delay in SiPM SiPM order not Delay in assembly of |Procurement |Moderate: 50%|Low:
Electronics Delivery placed on schedule [Hcal and EMCal SiPM Schedule
or vendor unable [daughter boards. delay 2-3
to meet prodcution |Potential delay in Hcal months
schedule and EMCal module
assembly
E. Mannel (1.5 Cal Delay in testing of |SiPM Delivery not |Delay in assembly of |Production Moderate: 50%|Low:
Electronics SiPMs placed on schedule |Hcal and EMCal SiPM Schedule
or vendor unable to|daughter boards. delay 2-3
meet prodcution |Potential delay in Hcal months
schedule and EMCal module
assembly
E. Mannel [1.5 Cal Delay in Assembly |Procurement of Potential delay in HCal [Production Moderate: 25%|Low:
Electronics of HCal Daughter |[components, module assembly and Schedule
boards, Preamps, [issuing of orders. [testing delay 2-3
Interface boards, months
LED Drivers
E. Mannel (1.5 Cal Delay in assemblly [Procurement of Potential delay in Production Moderate: 25%|Low:
Electronics of EMCal Daughter components, EMCal module Schedule
boards, Preamps orlissuing of orders. [assembly and testing delay 2-3
Interface boards months
/5/2017 SPHENIX CD-1 Docymentation

Staged partial deliveries of
boards. Use multiple
assembly houses
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CD-1 sPHENIX Documents
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. NEPA Document

. Integrated Safety Management Plan

. Conceptual Design/Conceptual Design Report
14.
15.
16.
17.
18.
19.

. Integrated Project Team

. WBS (WBS Dictionary)

. Basis of Estimate

. Contingency Risk/Analysis

. Activity List & Activity Attributes

. Project Schedule

. Critical Milestones

. Proposed Funding Profile

. Proposed Labor Profile

. Preliminary Hazard Analysis Report

Summary

Acquisition Strategy

Close all previous review recommendations

Preliminary Project Execution Plan

Preliminary Risk Management Plan

Preliminary Risk Assessment and Risk Registry

Preliminary Security Vulnerability Assessment (Short security

equipment protection & cyber security)

20.

Alternate Analysis- For the PEP includes scientific alternatives

Over 20 Docume

WHS Dictionary
Update CDR/PHYSICS Simulations Basis of Estimate
Update Conceptual Design Documents MS Project File
>
Review Project Documentation Cost/Labor Profiles

\

Contingency/Risk Analysis/Hazard Analysis

nts in Preparation for CD-1 Review

Continuous Improvement of Documentation, Estimates, Schedule, Scope
Level 2 Presentation: Scope, WBS Dictionary, Basis of Estimate, Schedule, Risk
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